Abstract: As a preliminary study for the explanation of pathobiology of Neodiplostomum seoulense infection, a 54 kDa protease was purified from the crude extract of adult worms by sequential chromatographic methods. The crude extract was subjected to DEAESepharose Fast Flow column, and protein was eluted using 25 mM Tris-HCl (pH 7.4) containing 0.05, 0.1, 0.2 and 0.4 M NaCl in stepwise elution. The 0.2 M NaCl fraction was further purified by Q-Sepharose chromatography and protein was eluted using 20 mM sodium acetate (pH 6.4) containing 0.05, 0.1, 0.2 and 0.3 M NaCl, respectively. The 0.1M NaCl fraction showed a single protein band on SDS-PAGE carried out on a 7.5-15% gradient gel. The proteolytic activities of the purified enzyme were specifically inhibited by L-trans-epoxy-succinylleucylamide (4-guanidino) butane (E-64) and iodoacetic acid. The enzyme, cysteine protease, showed the maximum proteolytic activity at pH 6.0 in 0.1 M buffer, and degraded extracellular matrix proteins such as collagen and fibronectin with different activities. It is suggested that the cysteine protease may play a role in the nutrient uptake of N. seoulense from the host intestine.
INTRODUCTION
Neodiplostomum seoulense is an intestinal trematode which can infect humans by the ingestion of raw or improperly cooked snakes or frogs (Seo, 1990) . Infected persons may experience gastrointestinal symptoms such as epigastric discomfort or pain, and diarrhea (Seo et al., 1982) . In mice heavily infected with 1,000 metacercariae of N. seoulense, severe clinical course was produced including severe diarrhea, malnutrition, marked weight loss, intestinal bleeding, and finally a high mortality of mice (Huh et al., 1988) . Various strains of mice have been shown to be killed by N. seoulense infection due to irreversible damage to their intestine; even a small number, 25 metacercariae, induced a fatal outcome in C3H/HeJ mice (Kook et al., 1998) . Worms were found to entrap the villi with the tribocytic organ and ventral curvature of the forebody, producing characteristic pathological changes with villous atrophy and crypt hyperplasia, especially in the duodenum (Huh et al., 1988) . The destruction of the villi has been suggested as the outcome of mechanical or biochemical actions of N. seoulense (Huh and Song, 1993) .
The tribocytic organ of N. seoulense has been considered to have lytic activities on the host tissues (Huh et al., 1988 (Huh et al., , 1990 , the
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The Korean Journal of Parasitology Vol. 37, No. 1, 39-46, March 1999 A 54 kDa cysteine protease purified from the crude extract of Neodiplostomum seoulense adult worms secretions of which may include several kinds of proteases. Parasitic proteases are known to play important roles in parasite survival in the host by facilitation of invasion and migration through the host tissue, nutritional uptake, and evasion from host immune responses (McKerrow, 1989) . As a preliminary study for the elucidation of possible roles of proteases in the pathogenesis of N. seoulense infection, the present study was performed to purify a protease from the crude extract of adult worms and to observe its proteolytic activities against macromolecules.
MATERIALS AND METHODS
Preparation of the crude extract Metacercariae of N. seoulense were collected from peptic digestion of the viscera of the snake, Rhabdophis tigrinus tigrinus. Forty Sprague-Dawley rats, 150 g, were fed orally with 500 metacercariae using a gavage needle, and killed 2 weeks after infection. In order to harvest as many adult worms as possible, rats were immunosuppressed by the intramuscular injection of methylprednisolone, a single dose of 25 mg/kg, once a week. Adult flukes were recovered from the small intestine of rats, and homogenized in 0.1 M phosphate buffered saline (pH 7.4) after washing three times. The supernatant was regarded as the crude extract after centrifugation at 20,000 g for 1 hr. All procedures for enzyme purification were carried out at 4°C, unless otherwise specified. The protein content was measured by the method of Lowry et al. (1951) .
Proteolytic assay
The most susceptible substrate of the crude extract was screened using five fluorogenic substrates; carboxybenzoyl-phenylalanylarginyl-7-amino-4-methylcoumarin (CBZ-phearg-AMC), carboxybenzoyl-arginyl-arginyl-7-amino-4-methylcoumarin (CBZ-arg-arg-AMC), carboxybenzoyl-alanyl-alanyl-prolyl-phenylalanyl-7-amino-4-methylcoumarin (CBZ-alaala-pro-phe-AMC), N-succinyl-alanyl-alanylalanyl-7-amino-4-methylcoumarin (Suc-alaala-ala-AMC), and glycyl-prolyl-leucyl-glycylprolyl-7-amino-4-methylcoumarin (Gly-proleu-gly-pro-AMC) (Sigma, St. Louis, USA).
The reaction mixtures comprised 0.44 ml of buffer, 20 µl enzyme solution, 20 µl dithiothreitol (DTT), and 20 µl substrate. After incubation for 1 hr at 37°C, the reaction was stopped by the addition of 10 µl iodoacetic acid (IAA) and 0.4 ml 7.2% ZnSO 4 . The enzyme activity was assayed by measuring the released AMC using a DNA fluorometer TKO 100 (excitation wavelength=380 nm, emission wavelength=460 nm) (Hoefer, San Francisco, USA). One unit of the enzyme activity was expressed as the amount that released 1 µM AMC for 1 hr.
Purification of the enzyme
The crude extract of N. seoulense adults was applied to a DEAE-Sepharose Fast Flow column (Pharmacia, Piscataway, USA), 1.6×4 cm long, pre-equilibrated with 25 mM Tris-HCl (pH 7.4). Elution of proteins was carried out with the same buffer containing 0, 0.05, 0.1, 0.2 or 0.4 M NaCl at a flow rate of 50 ml/hr. Fractions with high enzyme activities were pooled, dialysed, lyophilized, and reconstituted with 0.5 ml sodium acetate buffer (20 mM, pH 6.4) for further purification.
A Q-Sepharose column (Pharmacia), 1.6×4 cm long, was pre-equilibrated with 20 mM sodium acetate (pH 6.4) and used for final purification of the enzyme. A total of 0.45 ml of enzyme solution was eluted with starting buffer containing 0, 0.05, 0.1, 0.2 or 0.3 M NaCl in a stepwise fashion. Active fractions showing a single protein band, revealed by SDS-PAGE using a 7.5-15% separating gel, were lyophilized, and reconstituted with 0.2 ml sodium acetate (20 mM, pH 6.4). The standard molecular weight markers used were phosphorylase B (94 kDa), albumin (67), ovalbumin (43), carbonic anhydrase (30), trypsin inhibitor (20.1), and α-lactalbumin (14.4) (Pharmacia).
Biochemical characteristics
Twenty microliters of the purified enzyme was incubated in 0.05, 0.1, 0.2, 0.3, 0.4, and 0.5 M sodium acetate (420 µl each, pH 5.0) for 3 hr at 37°C. The optimal pH was also determined in sodium acetate (0.1 M) at pH 4, 4.5, 5, and 5.5, in sodium phosphate (0.1 M) at pH 6, 6.5, 7, and 7.5, and in Tris-HCl (0.1 M) at pH 8.0, respectively.
To observe the modulation effect on enzyme activity, 10 µl of enzyme was reacted with various effectors for 20 min at room temperature, and then 20 µl DTT and 10 µl substrate were added to the mixture. Tested effectors were DTT (5 mM), L-trans-epoxysuccinylleucylamido (4-guanidino) butane (E-64, 0.01 mM), IAA (1 mM), leupeptin (0.1 mM), 4-(amidinophenyl) methanesulfonyl fluoride (APMSF, 0.1 mM), aprotinin (10 µg/ml), ethylene diamine tetraacetate (EDTA, 2 mM), and 1,10-phenanthroline (0.1 mM) (Sigma).
Cleaving activities of the enzyme
Degradation of the enzyme was determined using three kinds of macromolecular substrates; acid soluble calf skin collagen (type I, Boehringer Mannheim Biochemicals, Germany), hemoglobin (Sigma), and fibronectin isolated from human plasma. Five duplicate reaction mixtures were composed of 20 µl of diluted enzyme (8 µg of protein), and 5 µl of 20 mM sodium acetate (pH 6.4), making a total volume of 100 µl, which included macromolecules for proteolysis. The amounts of collagen, fibronectin, and hemoglobin added to the mixtures were 20 µl (80 µg), 35 µl (70 µg), and 20 µl (100 µg), respectively. After incubation of the mixtures for 1, 3, 5, and 12 hr at 37°C, digestive products were visualized by SDS-PAGE.
RESULTS
Although a similar pattern of activity was observed against other two substrates, Sucala-ala-ala-AMC and Gly-pro-leu-gly-pro-AMC, the crude extract of N. seoulense adult worms showed the highest enzyme activity when CBZphe-arg-AMC was used as a substrate, (Table  1) . In order to facilitate and make the enzyme purification more simple, the present study was carried out using CBZ-phe-arg-AMC as a substrate which is the most susceptible to the proteolytic activity of the crude extract.
Five protein peaks were obtained by applying the crude extract to a DEAESepharose Fast Flow column, and each protein peak revealed varying degrees of enzyme activities (Fig. 1A) . Among active peaks eluted by application of salt gradient, the 0.2 M NaCl fraction showed the highest proteolytic activity. The protein of interest was further purified by Q-Sepharose anion exchange chromatography, and four protein peaks were eluted after challenging the NaCl solution in stepped increments (Fig. 1B) . Among them, the 0.1 M NaCl fraction exhibited the highest enzyme activity. SDS-PAGE analysis for proteins in each purification step revealed a single band with a molecular weight of 54 kDa in the 0.1 M NaCl fraction in Q-Sepharose chromatography (Fig. 2) .
The activities and yields of clarified enzymes during purification steps are shown in Table 2 . The optimal activity of the purified enzyme was observed in 0.1 M of buffer (Fig. 3A) ; however, the enzyme showed the highest activity at pH 6.0 with a broad range of activity from pH 4.0 to 7.0 (Fig. 3B) .
Proteolytic activities were potentiated two to three times by the addition of 5 mM DTT into the reaction mixtures, and therefore the modulation effect of various protease inhibitors was determined in the presence of 5 mM DTT (Table 3) . Cysteine protease specific inhibitors, E-64 and IAA, completely inhibited the proteolytic activity of the 54 kDa enzyme, and a common inhibitor of both cysteine and serine proteases, leupeptin, also suppressed the activity (Table 3) . Conversely, serine protease inhibitors, APMSF and aprotinin, and metallo-protease inhibitors, 1,10-phenanthroline and EDTA, showed no effect on the ─41─ Table 1 . Substrate specificity of the crude extract of Neodiplostomum seoulense adults
Substrates
Enzyme activity (U/ml) Specific activity (U/mg) CBZ-phe-arg-AMC 237.6 23.1 CBZ-arg-arg-AMC 2.9 0.3 CBZ-ala-ala-pro-phe-AMC 96.9 9.4 Suc-ala-ala-ala-AMC 220.0 21.4 Gly-pro-leu-gly-pro-AMC 228.5 22.2 zation of the protease secretion in N. seoulense needs to be further elucidated. A number of enzymes of different families or having different molecular weights has been described from various parasites. Entamoeba histolytica secretes several cysteine proteases with relative molecular weights ranging from 96 to 16 kDa (Montfort et al., 1994) . Paragonimus westermani secretes a number of cysteine proteases, the activities of which change according to the maturation of the worm (Chung et al., 1997) . In the present study, protein peaks obtained during the purification of the adult cysteine protease showed variable degrees of enzyme activities against CBZ-phe-arg-MNA. Therefore, N. seoulense adults may have several cysteine proteases, probably having different molecular weights, the purification and characterization of which will provide more information for the understanding of host-parasite relationships.
The crude extract of N. seoulense adult worms in the present study showed proteolytic activities against fluorogenic substrates such as Suc-ala-ala-ala-AMC and Gly-pro-leu-glypro-AMC as well as CBZ-phe-arg-AMC. This result indicates that there are several kinds of proteases other than cysteine proteases in the crude extract of N. seoulense. More extensive enzymatic study is necessary for the understanding and explanation of the pathogenesis in N. seoulense infection in terms of biochemical aspects.
